Bibliometric and visual analysis of planthopper research between 1980 and 2017
PLANTHOPPERS belonging to the family Delphacidae (Hemiptera) mainly include the brown planthopper (Nilaparvatalugens (Stål)), white-backed planthopper (Sogatella furcifera (Horváth)) and the small brown planthopper (Laodelphax striatellus (Fallén)) 1 , which are some of the most devastating agricultural pests on rice in Asia 1 . These insects damage rice by sucking the sap, and also by transmitting various rice viruses, such as rice black-streaked dwarf virus (RBSDV), Southern rice black-streaked dwarf virus (SRBSDV) and rice ragged stunt virus (RRSV) 2 . Since the 1960s, frequent outbreaks of planthoppers have resulted in huge losses in rice production worldwide. For example, approximately 1 million tonnes of rice is lost annually in China because of planthoppers 3 . Extensive studies have been carried out to develop control programmes to reduce damage by planthoppers. Previous reviews have summarized specific aspects of planthopper research, such as the feeding physiology of brown planthoppers 4 , population biology of planthoppers 1 , threat of brown planthoppers to high-yielding rice production in tropical Asia 5 , rice resistance to planthoppers and leafhoppers 6 , and the use of genetics and molecular breeding to improve the resistance of rice to brown planthoppers 7 . These literature surveys, typically prepared by specific domain experts, provide valuable insights into some aspects of planthopper research. However, an overview of planthopper research as a whole is lacking, which would be of benefit to those working in the area.
Therefore, here we provide a scientometric review of the literature related to planthopper research. Scientometrics is mainly concerned with the quantitative characteristics of scientific research and can enable scientists to quickly outline a clear framework for a specific topic 8 . Scientometric literature reviews only provide an additional point of reference; and they are not intended to and cannot replace expert-led reviews.
Based on our scientometric review of the literature, we reveal the intellectual landscape of planthopper research, identifying landmark articles and highlighting emerging research trends. This article provides a broader view of trends in planthopper research and will also benefit researchers in this field to distinguish key papers and essential points of reference from among the vast resources available.
Data and methods

Data collection
This study surveyed papers in the SCIE (Scientific Citation Index Expanded) database of the Web of Science (WoS) published from January 1980 to July 2017 (retrieval date 14 January 2018). We used the keywords 'planthoppers or planthopper' to search the database. The document types used were articles and reviews, and the language was restricted to English. In fact, a large number of articles have been published in other languages like Chinese, Japanese, Thai and Malay, or in local journals. Considering that articles published in SCIE journals could represent the highest research level in this field, some bias in our analysis is acceptable.
CiteSpace
CiteSpace (version 5.1.R2.SE), freely available at http://cluster.cis.drexel.edu/~cchen/citespace/, was used to analyse and visualize patterns and trends in planthopper research. CiteSpace systematically identifies developments in a specific knowledge domain 9 . The intellectual landscape of a scientific field is represented by a network of different entities in CiteSpace, such as countries, authors, keywords and cited references. In a constructed network, these entities are displayed in terms of nodes of different sizes and colours. Citation tree-rings represent the citation history of an article. The colour of a citation ring indicates the time-frame of a corresponding citation. The thickness of a ring is proportional to the number of citations in a given time-period 9 . We used CiteSpace to investigate (i) the structure of the planthopper research base and (ii) research trends in this field. To display the structure of the research base, individual nodes in the network were aggregated into groups based on their interconnectivity. Each group represented a distinct specialty or a thematic concentration. In addition, landmarks nodes, generally with a high frequency count or high betweenness centrality (BC), were used to reveal focus topics in planthopper research. The BC value of a node in a network measures the extent to which the node is part of paths that connect an arbitrary pair of nodes in the network 10 . A node of high BC is usually one that connects two or more large groups of nodes. To reveal the possible research trend(s), CiteSpace identifies emerging topics in terms of entities with high citation burst, such as articles and keywords. Citation burst is an indicator of an active area of research. The citation burst of an entity over time indicates a specific duration in which an abrupt change in frequency occurs (i.e. that the publication has attracted an extraordinary amount of attention from the scientific community). The burst detection in CiteSpace is based on Kleinberg's algorithm 11 .
Parameter design
In this study, we set the research period to 1980-2017 and the years per slice to 1. The term source selected were 'title', 'abstract', 'author keywords' and 'keywords plus'. For the selection criterion, we chose the g-index, which is an improvement of the h-index of Hirsch to measure the global citation performance of a set of articles 12 . In CiteSpace, the g-index was modified by introducing a scaling factor, k that assisted in controlling the overall size of the resultant network in accordance with our particular needs. k can be any positive number and its value is proportional to the size of the resultant network. In this study, we set k from 4 to 8 for each time slice. In addition, we chose 'pathfinder' to prune the constructed networks.
Results
Publication output analysis
In total, 2767 articles on planthoppers were indexed from 1980 to 2017. The number of publications on planthoppers remained at <50 from 1980 to 2001, but then showed a yearly increase (Figure 1 ). The gradual increase in the number of journals could partly explain this uptrend. Especially, four of the top 10 journals with most publications were established after 2000 -Zootaxa, PLOS ONE, Scientific Reports and Pest Management Science. This considerable increase in the number of annual publications could also indicate that planthopper research has received increasing attention from the research community. Table 1 shows the top 10 most productive countries in terms of planthopper research from 1980 to 2017. Together, they resulted in 2501 papers, accounting for 90.38% of all published papers. China had the most publications (1058, 38.24%), followed by the USA (432, 15.61%) and Japan (293, 10.59%). China is much ahead of other countries in this research field. These top three countries published more than half (64.44%) of the total number of publications, indicating their leading roles in planthopper research. Given that planthoppers mainly devastate crops grown in Asia, it is not unexpected that half of the top 10 countries are in this continent (China, Japan, India, The Philippines and South Korea). top 10 institutions are relatively small, which suggests that no research institution has played a central role in any specific research aspect. As shown by the co-institution network from 1980 to 2017 (Figure 3 ), there were 303 nodes with 487 links. The links between institutions are relatively few, which suggests less cooperation among them. To more effectively control planthoppers, cooperation between institutions should be encouraged and strengthened in the future.
Co-country analysis
Co-institution analysis
Co-author analysis
The top 10 most productive authors, i.e. those who have contributed the most publications on planthopper research, were identified from the co-authorship network (Table 3 ). The number of publications by these authors ranged from 33 to 54, but with little difference between them, indicating that there is no obvious leading researcher in this field. Of these ten scientists, nine are from China, highlighting the dominance of the country in this research field.
There were 435 nodes and 734 links in the co-authorship network (Figure 4) , which contains all the primary authors of the literature included in the dataset. In the network, the ratio of links by nodes was small, and authors were divided into groups with no obvious links between the groups. This might be because these authors are engaged in different subtopics of planthopper research, or that willingness to cooperate is low. The low BC values in Table 3 reflect, to some extent, this loose network structure (Figure 4) .
Co-keywords analysis
The keywords of an article provide information about its core content, and also help us gain an understanding of the development of research topics over time. Therefore, keyword analysis can be used to identify evolving research frontiers relating to a knowledge domain. During our analysis, keywords with the same meaning were combined, such as 'Nilaparvata lugens' and 'brown planthopper', as well as 'Sogatella furcifera' and 'whitebacked planthopper'. Table 4 lists the top 20 keywords and Figure 5 displays the co-keywords network of planthopper research. The most cited keyword was 'Nilaparvata lugens', indicating that this species is the main focus of research, mainly because it causes the most damage to rice crops. Two other important planthoppers, Laodelphax striatellus and Sogatella furcifera, are also listed in Table 4 . Keywords relating to planthopper taxonomy, such as 'insect', 'Hemiptera', 'Delphacidae', 'Fulgoroidea', 'Auchenorrhyncha', 'identification' and 'taxonomy' also appear in Table 4 . The inclusion of the keywords 'gene', 'expression', 'identification' and 'Drosophila melanogaster' implies the use of molecular techniques in planthopper research. The keywords 'resistance' and 'insecticide' reflect a focus of research on the resistance of planthoppers to some insecticides, whereas 'population' primarily indicates studies relating to planthopper population dynamics. The keywords 'rice', 'plant' and 'resistance' reflect the interaction of planthoppers with their host plant (mainly rice), and the research of rice resistance to planthoppers. Keyword 'China', the only country name, again demonstrates the leading role of China in planthopper research, which is consistent with the results discussed above. Detecting keywords with strong bursts provides clues to possible new research frontiers (i.e. emerging trends and abrupt changes that occur in a timely manner). Here, 12 keywords with the strongest citation bursts during the study period have been obtained (Table 5 ). Six of these keywords ('marker assisted selection', 'drosophila melanogaster', 'genome', 'rna interference', 'transcriptome' and 'molecular characterization') were related to molecular research methods, indicating the use of biotechnology in planthopper research. Other keywords reflected other trends, such as rice defence to planthoppers research ('defense' and 'marker assisted selection'), population reproduction ('reproduction' and 'genitalia'), environmental effect and adaptation ('adaptation' and 'temperature'). 
Co-cited reference analysis
Co-cited reference analysis is a good means of illustrating the relationships between the source articles in our dataset and the corresponding cited articles in external reference records. The co-cited reference network, containing 538 nodes and 1499 links, displays the main landmark papers and the network structure between them ( Figure 6 ). The most cited articles are usually regarded as landmark papers because of their ground-breaking contributions. The ten most cited articles and their main findings are discussed below (also see Table 6 ).
(1) In 'identification and characterization of Bph14, a gene conferring resistance to brown planthopper in rice', Du et al. 13 reported the cloning a gene of rice, which confers resistance to brown planthopper.
(2) In 'resurrecting the ghost of green revolutions past: the brown planthopper as a recurring threat to highyielding rice production in tropical Asia', Bottrell and Schoenly 5 reviewed factors that contribute to serious outbreaks of brown planthoppers.
(3) In 'southern rice black-streaked dwarf virus: a new proposed Fijivirus species in the family Reoviridae', Zhou et al.
14 revealed a novel dwarf disease transmitted by planthoppers in southern China.
(4) In 'genomes of the rice pest brown planthopper and its endosymbionts reveal complex complementary contributions for host adaptation', Xue et al. 15 obtained and described genomes of the brown planthopper and its two endosymbionts, and found a series of complex adaptation mechanisms in this species.
(5) In 'feeding-based RNA interference of a trehalose phosphate synthase gene in the brown planthopper, Nilaparvata lugens', Chen et al. 16 suggested that RNA interference could be useful for controlling brown planthoppers.
(6) In 'insect vector interactions with persistently transmitted viruses', Hogenhout et al. 17 reviewed the progress in understanding vector (mainly Hemiptera, such as planthoppers) interactions with the more than 200 plant viruses that they transmit.
(7) In 'Expression of snowdrop lectin (GNA) in transgenic rice plants confers resistance to rice brown planthopper', Rao et al. 18 successfully constructed transgenic rice plants containing the Snowdrop lectin (Galanthusnivalis agglutinin) gene, and found that the transgenic rice decreased the survival and overall fecundity of brown planthoppers.
(8) In 'MEGA5: molecular evolutionary genetics analysis using maximum likelihood, evolutionary distance, and maximum parsimony methods', Tamura et al. 19 described an evolutionary genetics analysis tool that is commonly used in molecular mechanism analysis. This software is now widely used in planthopper research. 20 successfully used gene knockdown technique in planthoppers, which is essential for their post-genomic investigations.
(10) In 'transcriptome analysis of the brown planthopper Nilaparvata lugens', Xue et al. 21 assembled the first de novo transcriptome of the brown plant hopper and performed the corresponding gene expression analyses.
These ten articles reflect the hot topics of planthopper research. Most of these topics, such as resistance to pesticides, plant virus transmission, and interaction mechanisms with host plants involve the use of molecular techniques, indicating the increasing importance of these approaches in planthopper research.
Articles with strong citation bursts are pioneer studies in a specific research area. Among the references with citation bursts strength more than 9 (Table 7) , eight also appear in the list of the most cited references (ID1-7, 13; Table 6 ), which suggests that they have inspired a significant amount of additional research. Based on analyses of these burst citation articles, we arrived at the following possible research frontiers: (1) virus vectored by planthoppers, especially focused on SRBSDV (ID1, 4, 8, 11); (2) rice resistance or defence to planthoppers (ID 2 and 9); (3) threat of planthoppers to rice production in Asia (ID5); (4) Molecular and genetic methods in planthopper research, such as RNAi (ID 6 and 7) and genome analysis (ID 13); (5) mechanisms of interaction between planthopper and its host rice (ID10); (6) mechanisms controlling wing dimorphism of planthopper (ID12); (7) planthopper identification (ID14), and (8) resistance mechanism of planthopper to insecticide imidacloprid (ID15 and 16).
Conclusion
In summary, a comprehensive bibliometric analysis of literature related to planthopper research from 1980 to 2017 has been made using CiteSpace and WoS. Based on our analysis, we conclude that: (i) a total of 2767 articles were indexed from 1980 to 2017, with an increasing trend each year since 2001; (ii) China was the leading country in planthopper research, followed by USA and Japan, which was supported by the number of the most productive research institutions and authors; (iii) the main research topics were resistance to insecticides, population dynamics, interactions with host plant, and utilization of molecular methods; (iv) the possible research frontiers are rice resistance or defence to planthoppers, mechanisms controlling planthopper winged morphs, resistance mechanism of planthopper to insecticide imidacloprid, SRBSDV vectored by planthopper, and molecular and genetic methods in planthopper research (dsRNA, RNAi and genomics). Thus, our analysis will provide useful information and references for researchers in the field.
